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(57) Abstract: 

PROBLEM TO BE SOLVED: To suppress the mis-frt 
dislocation at the interface of a light emitting layer and 
facilitate ennission of longer wavelength lights by limiting 
the Al-N mixed crystal ratio of a lower layer beneath the 
emitting layer within the specified range and taking a 
higher lattice const, of the emitting layer than that of the 
lower layer. 

SOLUTION: A lll-V compd. semiconductor structure is a 
laminate of a buffer layer 2, an n-type GaN layer 3, a lov/er 
layer 4, a light emitting layer 5, a protective layer 6 and a 
p-type layer 7 on a substrate 1. The lower layer 4 is made 
of In^Ga^AI^N (02a21, 0<b<1, 0.052c<1, a+b+c=1), the 

emitting layer 5 having a smaller band gap and greater 
lattice const, than those of the lower layer 4 is made of In 

X 

Ga^AI^N (0<X21, 02y<1, 02z<1, x+y+z=1), the protective 

layer 6 having a greater band gap than that of the layer 5 
is made of in^'Ga^'AI^'N (02a'<1, 0<b'21, 02c'<1) and a 

compression sti-ess is exerted on the emitting layer 5 in the 
junction direction. 
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(54) ^^m^ 



(57) [^^] 

[M^^m -»SiIn. Ga. Al. N (S^. Og 
a<l, 0<b<U 0. 05^c<l. a + b 4- c = 

1) x-m^ix^s - bmit^m^mi^xK^u^rmm 

Ga , A 1 . N (^tf^. 0<x^l. 0^y<l. 0^ 

z<i. x + y + z = i) xm^tl^3-5mit^^^^ 

:^)^Ai < -l^-S I n.^ G a.' A 1 c' N (^cf:. O^a' 
<1. 0<b' O^c' <K a' -fb' + c' 

= 1) T^^fL^ 3 - 5Kfb^?%4^^f*J; 



(2) 



1 



Ummi] -455: In. Ga. Ale N i^^. 0^ 
a<K 0<b<K 0. 05^c<K a + b + c = 

Ga >. A 1 . N (^^. 0<x^K 0^y<K 
z<l. x-fy + z=:l) T*a^n^ 3 - 5Kfb^%4^ 

i)^^;^ < -^xC I n.. Ga.. A 1 N (jC^. O^a' 
<1. 0<b* ^1, O^c' <1. a' +b' + c* 10 

= 1) r-m^ti^s - omt^m^mitx^t^^i^mm 
9 0 Ai:xTX'^^zt^^mt.^^Emm i ^tzitziz 20 

Ge. Zn. Cd4b'<:^:l>'MgcD#^^®SS:^)H^m^ 

1 X 1 0 cm-n:xTr'^^zt^^mt't^mmM 

SSA^ 1 X 1 0'-' cm-'l:XTX'h^Zt^^^mtt^m 30 
.^XIK 2. 3. 4 ^;^c(±5 iz!B®®^7tl^^c 

[0 0 0 1 ] 

[^moDmr^t^m^m] ^^mit. -A^^in^ Ga 

>■ Al. N (Tztzl.. x + y+z=K O^x^l. 0 
gy^l. 0 ^ 2 ^ 1 ) T-^^n^ 3 - 5®^fb^^4^a5 

[0 0 0 2 ] 

[S£3^(X)SrT] ^^.^ b < Itn&o:)^^^'^ :t- K S tz 
ii^^l^^ b < iiSfeCQ^ -tf tT- K^CD^yr^^cD 40 

LT. In. Ga . A 1 . N (tz^^i x 

^y^z = l. 0<x^l. 0^y<K 0^z<l) 

m^n^ 3 - 5 f^it^^'^^'-^^t^t^'^:] ^tiTi ^- ^ , i:i 

::(r)-|5^rf3(7:)x, y^^cttfz ^^n-eni nNS 
iklt. GaN.^MIiit. ^-J^o^'A 1 Nrg||it^i[:1-C ^i)^ 
J:^^o IS 3 - 5^{[:&^fe4^^f*Tii. "^ilInN&?g|| 
- c 1 0%a±^tr^cD[i. I nX^sHrtiii^^lJT^iM 

[ 0 0 0 3 ] IS 3 - 5!^;f[:^^^-^5Sf$;ii. +^7 7-^7^. 50 
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2 

GaAs. Z n0^c7)li^coSig(Z)±tr£3cIgt-^Ci:;()S 

+4Si)U<teTl^^GaNcZ)S£||&S-r5XaL. C(7)± 

tt^ti^^tlXi-^^ m^^5 5 - 3 8 3 4^:&IS) o 
[ 0 0 0 4 ] ^::5T\ K3 - 5K{b^^4^aSft®<S^ 
I nNgs^Birt::;^^ <^g^L. I nN^g^it*^ 
Ar^iionTlS^:^gfci>^^^ <7^c^^o ^(Drz^. I 
nNrMB^BitcD:;^g?^cf;iS3 - 5K{b^i^4^2Sf*$:. GaN 

r^(DijCD^m^ztt^x-^tji\,\, tz^tK mmt^^l^^ 

^^^^jii'^^mitmco±iimi^ i nNSn^itc^isib^^^ 
^^mitcDmmiJfmt ^ z ttmLi^ z t^fr^Lx^^ 

ho Ltzt^-oX. ^^m^(D%^'&m^. InNga^sit 

<thZtlZX*)m<^hZi:i{tmLib''orzo 
[ 0 0 0 5 ] fSV> I nNrIs^lta^^>tH^ffll>T 

^&m^nw^izR<thyj^t'^m^^tixi^h (EP 

0 7 1 6 4 5 7^£:r^1Bi§iM*) o l.t^L. T^m^^^m 

»c7):^ § ^{b'&^J^^^f*^! ^ I o ?g D IE & X. ^ :^ 

7 hfefu^^ii-^chA^igtt^nr^ ^>tii£Z)jfg Steffi 
mmLrz2-Dom(^^'?'^mt^mtc^hzk:izx 

2-D0m(D^miz^\::.hm\LCOzti:^^Vo 

[ 0 0 0 6 ] 

[!SM^^^-r^;ti;^®^S] 

[ 0 0 0 7 ] *^0^#^{i3cZ)J;o^^tt^£^^T^^t^ 

rt^/:)^^. ^7tS(:?t LTi2M^nfeT±feri(7DA 1 Nig 

-Kit^,lcr,*^^T.-tSJ: ^ <t^Z tx. ^^Ttl^^rf ?S 



fii-i'^N 4*^^3"!d^v ^^x^In* Gac Al 



N (^^. 0^a<K 0<b<K 0, 05^c< 
K a + b + c = 1 ) T-^^n^ 3 - 5g^fb^^4^2Si* 

1>-»^SI nx Ga , Al.N (^qp. 0<x^ 1, 0 



(3) 

3 

^y<l> 0^z<K x + y + z = 1) X'^^tl^ 3 
;^*> yyi)^-X§ < I n.. G a^' A 1 N 

a' +b' -he' =1) X'^^ix^3-omt^^^m 

[ 0 0 0 8 ] 10 

^^mi:-^if^^^m'?-tits -fi^^:in. Ga. ai 
= N ifztzL. a + b4-c=K 0^a<l. 0<b< 

1. 0. 0 5^c<i) r-m^ti^Tmrnt. -i^si 

n. Ga, Al. N (tztzL. x + y+z=l. 0<x 

I n.' Gab- A 1 c' N (^^. O^a' <1. 0 
<b' ^1. O^c' <1. a* +b' + c' =1) 

^^m^m^^^^xr^ifm^^i-^tz^j. utc^7)2 

[ 0 0 0 9 ] 3-5 mit^m^mito:>m'^(D 1 
m^miizfr^i-o miizfr^tmit. s^^ia)±tc. j^^^ 

16. pMwi t^zmuizmmi^tzijox'&^o nm 
msiznmm. vmmiizpmm^mii-. m:^\^izmj£ 
^m^^ztxmm.tmx^K. ^^m^t^^^^ttm so 

[0 0 10] UT. ymm. ^^m. i^^^xfi^mmiz-D 

^mx^^zt^^mtt^o A 1 NrMa^sit^^O . 0 5 
:^i^^H'on^^l^o J: LOA 1 N(7:)^MB^ltiiO . 1 

^ ^iziftL<i±o . i5i:x±x^^o ttzAi 

9i:xTtmtL^''o rmmcDmmit. i o Ai.:i.±i/im 40 

WT^)^»SLi.^o T%li(Z)SIJP:;^)U 0 Act ^:)/J^^l^iS 

[0 0 11] i^mmrm^mi^. mM^rt^m^^t^^ji^^'Si 



Y-ymcommtLxits Mrsj^^^ 1 x 1 0 c 

m 'a± 1 X 1 0 cm 'VXTt^^ifibn^o ^ ^iz^f 50 
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^ b < liT^JitT)^^ 'J rSSc^KSii. ixio^'c 
m- = U±l X 1 0 cm'-WTT-fe^o ^-\-'JTSS^^ 
1 X 1 0 cm-' X^-'l^^i^m-^. m^(DilX^>^t^^ 

^xtji^^m^t^h^. trz^^^^jrmmt'i x i o^^c 

[0012] T^mtrnmcorsizit. nmt.tzii^ > k 
- y(7:)mit^^^^mi^x K)r^^m^im^ tzitmmmm 
mi^x^jii^ mz. mT-^m^mt^^mit^m^^it 
(Dmm^^^mm\.rzmmt. ^co±izmm^^^mco 

[0 0 13] mz^^tmiz-oi^xwiB^t^. :^mmz^ 

x§ <mi\:r^rz^. m3 - 5mi\:^^^mito:)^^m 
tmmi.xmt(DrscDii^^^mzx^r^^i^$)^m^. 

m^^m^lz ^ ^ ^^(DXB^ criS i; T^T^Hc^S^ & 

mit. m^^(Dx^^iziti^t^o mm^xmtLx. 

Ga. Alb N (tztzL. a + b=K Oga^l. 0 
^b ^ 1 ) X^^tl^m(^±lZ I nN^gB^]±:6s 1 0%i:X 

AU±9 0 At:i.TT-fe^o :z(Dm^. ^^mcom^t^5 
A J: ^}/J^^v^s^, ^^^jmt^$^t^Jt'^xr^<rj:y)^ 

^^mt'$:>t*)^^Xtj:<tji^, 
[0 0 14] ^.tz. ^^m(Dm^i:d^^ <t^^tX\ 

m^^M^^miz^j^mizmiz^^^ztt^x^^tz^s 
?^m)]m^i^±^~^^^tt^x^^o zcotz^. ^"p^ 
^(Dmt^±m(Dmj:^ij^\^^^^m^xi). %^m<Dm^ 
it±Et^o:>mtmmiz'r^zt.t^^^Li^o ttz. 

^^)]mt^Ti)^^:ztt^^^o ZLCDX^tj^m^lzit. 
mtLXit. Al§:^^7^c^l^-«SSIn. Gay N (Tz 
tzL. x + y= 1. 0<x^K 0^y<l) xm^fl 

^i>cD^^\\m-r^z.ti^x^^o 

[0015] m^i±xmt^^mto:)^^> K^^ ^^ya:) 
mt. 0. 1 evi:x±x&^zttmt.L<. ^^izn 

^L<(io. 3 e-7i:^±x$)^o mm^xmt^^moD 

m^(D^^')'rcom\z^ih^t^^&^xt^<. ^^^^tm 
rt^o tztzL. mmixm(DJ^> Y^^^ ^yyt^5 ev 
^m^^tm^}ixizsm^jiME.t)^^<tji^rzi^. 

E^iz^i^T. ?^^mi±imx&-^x^Xi^t}K misfco 
x^xi^o ^oxo^jim^^o^mtLxix. nmo^^m 
t. ?^^mx^j t^'^y Y^^ ^^(DX^tji (n+i) m 

mt^^if^bti^o ZLZX'n{±JE(7:)mmx$)^. 1U±5 

oi:XTX^^ztt^pfii-<. ^ec^S b<ii2ia± 



« 

(4) 
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[0 0 16] *^B^tiJ,H^T. ^TtliEi^^^^^S: K-^ 

[0 0 1 7] ^n^M^izmLtzTimtLxi^. 2m 
^mi^pftL^^o 2m7zmo:>t^t^xit. Ms. Zn. c 

2m^mtt^i^s i^tzitG e^mmz K-rurt) 20 

J:i^o Si. GecoffS LV^fiS^iSii 1 0 ^^-^ 1 0 
[ 0 0 1 8 ] ^j^^^Tt^^S^^ -mz^^T.^^ h)l 

t^yu-Yiztj^y)^ ^tz^^xm^mt^m-riz-Dtix^^ 
tz^izit. ^^miz^t.ti^Tmm(Dm^i&<n^t^i\^ 

ni^T^cC ^)^V^o :^f*6^tc(^. Si. Ges Ms. Cdjo 30 
i:kTX'P)^o 

[0 0 19] mz. ^mmiz-oi^xEAm-t^o 1^3-5 
mit^m^mmzii^^xit. ^^moDi nN^rgB^iti)^ 

^ T- ? o m^mmiz^'^t^ummm^ijtz^^tz^ 

izlt. K{^glco I nNO^g^itii 1 0%UT;65»^ b 

y A 1 M ^ ;F! El U- fO- r 0/ I V I U ftZ i I ) ^ -V- f- ? - f , Z :ir 

N ^ jTl X IN ^ttBB J-UV<:*- O /o JvA /-^ ' o C <^ 

L < I n NrlB^sit^^ 5 %UT\ A 1 N^Me^it^O^ 1 0 % 
[ 0 0 2 0] !S^:^^^li::?t^^^c^{^^Mte$:f#:?'::-^ 
5?^b<. ^^tlff^L<{i. SOAUiSOOOAU 
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izi^^^L^hmt^i^^j^t ^(DXh^ ^ »t <U\^o 

[ 0 0 2 1 ] tj:^^ m^mmit^j^m^o:)mmix^m 

^ 1 i- p Si (Z) 1S aStl ^ i± ^ T^i: II r ^ -tr r ^ ^ 
*$^&hbTii. M:it^izl±2m7imt^mif^ti^o Zti 

bi^o TztzL. i^mmiz^mj^(^^^m^ h'-^Ltzm 
xis^T^^^m^t^^^c zcD^ot^m^izit. 
m'S^mommtLxit. »$b<fii x i o^^cm-H:i. 

T. ^e)tc»^b<{^l X 1 0^^cm-U:>lTT-fe^c 

[0 0 2 2 ] i:k±mBMLtzTmm. ^^m. ^mmoDm 
mmmzti\^x. ^^miztiLx. m^yjmzEEmjtti 

mjit^tltmtD^Xtj::^m^:^tt^tz^lZi±. ^^m(D^ 

<Lxi^. ^n?>tz)/is^fi$-y-^^r£. ^mzx-ox 

it^^mtTmmt(D^mizi:::^y^ hmiiLt^^^ 
b. ^^mi^^'PMmLX. ^7tS^3)ir^UTIEffiJS±f*^ 

m-^t^h^. mz^^m^&^Ltzm. i^mm^mf^^ 
rizmms i o o o'c^m^^mmiz^i^Ltzm'^. ^ 
rziii^mm^ i o o o'^c^m^^MuxBS^mLtzm^. 

mmcD^mmmz:^ux. mmum^ i o o o*cj;i.T^ 

[ 0 0 2 3 ] mz. :$^^mizm^'^ fbti^mR^z-D^^xm 

S^m^RtLXit. V-y-r^T. ZnO. GaAs. S 
i. SiC. NGO (NdGaOa ) s (Mg 

Ai, O4 ) mt^i^^ti^. ^izvyT-critmmx 
ttz±mmcoM^ano^m^Btm^n^rz^mmx 
zti^hcDmu^m^'^rzm^xit. stR±tczn 

O. SiC. GaN. A 1 N. GaAlNc7)?iM. 
T>'-=e®^JiM$:^^'^y 7 bTJ5£fit"^s l^t^t^^ 2 

gP^5£:l?££' J: ^Cl^^^B^attC0GaN. A IN. Ga 
A 1 I nGa A 1 ^^a:)H'-mitt^f^F<X ^ ^tz^Pf 

[ 0 0 2 4 ]?^:£r. ^^B/^i-^Mt ^ 3 - 5.m^t]4^^ 

i^cDmmijmz-:^v^xmat^c ms~ omt^m^m 

T. MO VP E hiei-C h^^fe^o ) ffi. K^^ K 



(5) 



hLTJi. mmi^'::^. T>^-r. ^X'(J'E:o:)m(Dmm 

[ (CHs ) 3 Ga. I^TTMG^IHI-^^^^S) 

] . h^):r,^)ViJ^^J [ (Cs Hs ) 3 Ga. U 
TTEGttitZtt^&ho ] ^c7)-«^S:R: R2 R3 
Ga (zzr\ Ri . R2 s R3 {ifg^T;i/^;U*$:^N 

■To ) xm^n^ h ut;!/^;^:^''; ; b u 
[ (CH3 ) 3 Al] . b 

[ (C2 Hs ) 3 Al. WTTEA^IBt-C^^tJ^fe 

] s h 'M v:r^;i'r;i'^:=i^A [ (i-c 20 

4 H9 ) 3 Al] ^C7^— K^Ri R2 R3 Al iZZ 

r\ Ri . R2 ^ R3 i±|tjiB^^5^^^f5]i:T*feSo ) T- 

T^>[(CH3)3N:A1H3] ;b U > 
v^A [ (CH3 ) 3 In. iii^TTM I hfBf ^ ^^^fe 
5o ] . h >v^A [ (C2 Hs) 3 In] 

^c7)-ft^SRi R2 R3 In (:::iT\ Ri . R2 . R 

bTffll^?>n^o 30 
[ 0 0 2 6] mz. mJWMt LT(i. r>^-r. b b* 

^^:^>. y^;ub b^>^>. K 1 ->^^5^;bb b'^ V 
>. 1. 2 -i^y ^;i'b b*^ v>s t ^ >. 

[ 0 0 2 7] *;«B^iiibMt^ 3 - 5 Mb^i^*iS<*co p 
^K-/^>b^LT. 2K7c^*^SMT*fe^o 
(iMg, Zn, Cd, Hg, B e;^}S^{f'in^;^}^ CO 40 

A, b;^::i^;i ^ n ^ > ^ v in - ;i. v 
^^^^ ^7 A. b;^ " n - bVl- V D-x>^ 

i> ^ A . b ^ — i — u b* ;i/ V n ^ > -^^ V :ii 
".vy:^ vr^A^CO-e^ (RCs H. ) , Mg (frfi 

b. Rii7k^^:t{i:^^tS^ 1 i:i±4i:xrcD{S:mTJi^)i 

^^^t^rz^iz^j-mx'^^o 50 
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[ 0 0 2 8 ] m3-bmit^^^^mit(DnmY-^^> b 
Si. Ge. Oi>^^^f ^ti^A^ CCD^iT-tifaffiiafZ^n 
t^^^L'^^c S i b-^v^ bt7)Jg^b bT(i. 

(SiH. ) . x>'^> (Si2 He ) ^ ^y/^;^^ 

(CH3 S i H3 ) Uhit^Pfmx^^o 

[ 0 0 2 9 ] ms - 5&it^m^m'it(Dmmizm^^^ii 

§M0 VP ES£iJ:^525Sab LTii. ^M'^omm 

'^SX(D»tLi^mRKtio:)mmi±. 0. OOl^jE]:^ 
±0. 8^Et>lTT'fe^o 

[ 0 0 3 0 ] ^^Brnz^^if^s-bmit^^^mtom 
mzm^^^n^^^ ']ris::^tLxi>±. T^m. mm. t 

ztt^Xi^o tztzL. 7mi^^ VT:^'::^^lz^t^m 
iJ::^^(D7m^f±^i&<^^'Jdmi^&^o »^bi>. ^ 

^ 'J r::^^;<^t757R^®^m{i. 0. 1 M.iEiaTT-fe^o 
[ 0 0 3 1 ] cn^cZ):^--v U 7^;^";^cD7^^^T-(±. Sjtti^ 

AA^^ifi^n^c 7c/ib. ^i.itmoDi^^T.lztt-^r 

Mmx'$)^. ^Tzykm^m^^tzm^. mm(DXoizmit 



[ 0 0 3 2 ] 

mmm] inr. ^^^^BM^mmmiz^-D^^x^ ^iz^m 
izmn^^ tK :^mmi.zni>izm'^^ti^to:>X'i±^^ 

mmm 1 

M0VPEi£tCj:^I12 om^^o:) 3-5 Kfb-^i^^aS^* 
$:{^^b;^-o 1 h bTt^7 r-f TCffi§:M®W^b 

tztcD^^mm^^Lxm^^tzo m^umz-D^^xit. fs 

^MfiK:l^N'^:^7rJib bTGaN^^O^ 2©P§sK:l?£^ 
mi^tzo l/8^ii. 5 5 0"CT*ff^;65^^ 3 0 0 AcDG 
aN;N*^;^7T!1 2 . 1 0 5 0 "CT-JP^ 5^>^ft 2 . 5 um(D 
S i^Y-yLTzGeil^t'^tj^^nmmS. 1 5 0 0 A 
oy > b-^G aNl 8 ^7.km^^^ 'J b bT5Jc 

^1 

[ 0 0 3 3 ] mz. m^iKm^ 7 5 CC. U 
&^^bb. ^V';r±fX. TEGs TMI, ^^T- 1 
p pmJl^^. bAii>^ >Joctc>*7*>n^-r$:^n^n4 
slm, 0. 04sccms 0. 6sccms 5scc 
m. 4slm{it*gbT. S i ^ b-T" bT":: I n c. 3 Ga 
3.7 N^9 7 0lif^5?Sbfec I^T. ZCom^^JSt 
t^^ztt^^^o ^ et:f5]b?^Si:TT E G. TEA. 
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±i£(Dv^>^^c^:t>'T>^-r$:-^n^nO , 0 3 2 s 
ccms 0. OOSsccm, , 5sccm^ 4slm 
(ftJr&LT. S i ^ K-:/bf-Gac. . Al:.^ N^^6^=e 

s c c m i: \tmt(D^^.m.(Dm{tLX- 1 s 1 m(i 1 ^^tz 

mm^mx' i u hJKr.itm^^^^^mmcD^m^ 

^tlTl^^C h$:7fNb> lOOOsc cmii 1 s 1 mic 

-cD^i^x X ^ R^^^mm^^LtzMcom^ ^>R^rzf^ 

3 0 0 A^ltWT-#^c 

[ 0 0 3 4] Tftfeli4 SScifi^. ^;ii^^J:t>'T*li^f5] 
L^iS^^t^^St::^: ^ > K-y© I no. 3 Gao.7 
^ycl5$5 OAhy > K-T-cTDGao.a Ale. NfZ) 
«S/i6S:3 0 QA&m\.tzo ^S^e^jEjcft^. fiScS 
l^iE. Sffic7)SS«: 1 1 0 0 "Ch M g § F 
-rL;tGaN^b^^7^^p§^g7$:5 0 0 0 A6S;:^L 
fcc C-5 bTftMbfeiS#4$: 1^EC0^^*8 0 O^C. 

2 0 53^CO^5Jl^S^T^V\ K-rJi§fiffitrLtr l> 20 

fco za:)XoizLxm^tirzun^nm^m\ mm^ 

ffJ^Ls ^7t«^^b7:=o p^Sh bTN i - Au-^ 
#^ nm®^ LTA 1 S:,^l^;tc ct^^t^^^ ^3jii;^fS] 
ic 2 OmAcDm^L^S^LL^^zh::^. H^K^c^Sfe^Tfe 

^7fet:--^©^^/i:^iSS(±4 6 0 0 ATfe-::>;^c:c 
[ 0 0 3 5 ] o^tl^HQ Gac. B A 

Id. 2 Nil 3 (3;6^x.TGao. 7 Ale. 3 NJi4$£i£SL 

^i'f^Ltzo zn^mm^zLrmmLtztz:^. 

-^Sft5 0 5 0 AT-fe'^. ±i2c7)^St^ij^iit-^T^7fc 30 

[ 0 0 3 6 ] ^SE^J 2 
^JS^j 1 hfsJ^llLTGao. s Ale. 2 NcZ)Tm,fi4^ 

TMI. TEGtCct*:^. y > K-:7"c7) I nGaN^>t/i 
^50A. T E A^ TE G^I J: G a A 1 N{SSJi 6 ^ 

3 0 0 a,e£:^L7^zo ^^izuj^^ 1 1 0 o'c^u. mm 

m 1 hfsI^tlLTMg^ K-rbAzGaN/i7$:500 
OAmmLtzo ttzy^m^^G eiNtLTzZt^m^' 

ri^±iia:)M.ntmm(Dwm^^'fmLrzc zn^mm 40 
^nmmi t\^Miz trim itztz^. rmmt^Go. 

c. s Ale. 2 Nc:0^(7jT-ii^7i:b--'>c7)tt-L>i$:^A^4 8 
u u ^ c 40 o XT u- c s r itn ,ig x}-" G a IN uj c 

4 6 0 0 AX'^-otzc 

[ 0 0 3 7 ] mmi^: 3 

'T:/j:^>^l^ETfe.5::i:^:i^v.Tii5l5E{^iJ 1 tWMlzL 
X. 5 5 0''CT*/^>'-7T.l 2. 1 1 0 O'CT- nSiCA^G a 
Nfi3 immmSum) . nS^t7:)Ga:.e Al:., NT 
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Sfeg4. 8 0 0°CT% I nGaNrSt4/i5. Ga^.s A 
lc.2 N{S^16. 1 1 0 O^CT-Mg K-rc^GaNl 

7&E$:RLfzc ttz^ y V'-yoGaisi^r^m^ tt 
^i^tHt±Rmmmtmmo^u.n^i-'^mLrz. z^i^x 
m^nrziimnmrn i tmmiz LxmrnLtztz:^. 

r^mi^G eLN(Di;(DX'i^^^^m±2 OmAT'4 5 0 

0 AX'^'DTzO:)izMLX. Tmmt^G Gic. s Alc.E N 

cDij(Dxi±A 8 0 0 Ax^-otzo ±mmMmtm 

«tz LT 1 1 0 O-CT-y > K-rGaN. 8 0 0'CT'y 
> K-ri nGaNfSttl. ^ ^Iz zco^mx ^ > - 
rGa A 1 N«^li$:^® L7^cS^#Pffi^$:<^^L. 

'^X ^:^y ^ y V^iiLCD^^itW^^tit^t'^tzo inG 
aNliGaN J: a^#P«3t 

1 nGa N/i^i(i^H:^fa]tiE*SiS^^^iDt)oTl^^c: 

[ 0 0 3 8 ] mmm 4 

8 0 0^'CT- 6 0 0 AcOnGao. 6 Ale. 4 NS:Tft&li4 
h UT5eSbfe:i^$:[^l^Tii^SE^'J3 hf5]«tl UTIS 

*4&ft^U7^co ztummmi t^^mizLxmrnLTzt 
z^. mmtAm&m^tmisb^ritzo imAxcD^^'^ 

5 2 0 0 Ax^-ofzo 
[0 0 3 9] 

S:(D^m'Bmizm^ti^§^^m^^mmi-^ z tiz$> 

^^mMos- 5m^\:'^^^mt^^m^^tz^^m'?' 
^^mmx^^&S:o:)mmi^^mx$)^. zLm^mmt^:k 

[112] mmmixi^fmLtz^^^mcD^^mi^xm^^^^ 

[?^^a:>!ft0^] 
1 . . . Stg 



2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 

9 . 



P 



(7) 



i^m¥ 9 - 3 2 1 3 3 8 




